An experimental realization of Bohm's spin-1/2 EPR gedanken-experiment is possible using the spin-1/2 nuclei of the isotope 199 Hg. The dissociation of dimers of the 199 Hg 2 isotopomer, using a spectroscopically selective stimulated Raman process, leads to the generation of an entangled state between the two 199 Hg atoms. The measurement of nuclear spin correlations between the two atoms in this entangled state is achieved by detection of the atoms using a spin state selective two photon excitation-ionization scheme. The experiment will not only close the detector efficiency loophole, but in addition will permit enforcement of the locality condition. Effects of imperfect analyzers will also be discussed.
Introduction
In 1951 Böhm introduced a version of the EPR gedanken-experiment, which was based on two separated spin-1/2 particles in an entangled singlet state. The spin states of the two particles were to be observed with two sets of Stern-Gerlach magnets tilted with respect to each other. For this system John Bell proved that any hidden variable theory satisfying a physically reasonable condition of locality will yield predictions that restrict the statistical correlations between the spin-states of the two spin-1/2 particles [1] . Mathematically this behavior can be expressed in the form of inequalities. Furthermore Bell demonstrated that quantum mechanics yields statistical predictions that can violate these restrictions. Thus for the first time experimental tests concerning the EPR-paradox [2] were conceivable. However, any experimental imperfection, such as detector efficiencies less than unity, leads to quantum mechanical predictions that do not violate the inequalities. Thus, additional auxiliary assumptions had to be introduced in order to make physically realizable experiments possible with existing technology [3] .
An inequality that requires no auxiliary assumptions and is therefore called a strong Bell (BCH) inequality was obtained by Clauser and Home in 1974 [4, 5] . They derived this inequality in the context of Bohm's gedanken-experiment with the Stern-Gerlach magnets replaced by simple analyzers (c.f. Figure 1 Recently we described a detailed proposal for such an experiment [6] . We restrict the discussion here to two important aspects; one is the generation of the entangled state between the spin-1/2 particles, and the second is the extension of the discussion to non-perfect analyzers.
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Entangled State Generation
We consider a homogenous molecule, in which each atom has nuclear spin 1/2 and for which the total 0932-0784 / 97 / 0100-0020 S 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen molecular electron and nuclear spin angular momenta are zero. The wave function for such a molecule can be expressed in terms of the separated atom basis states as [6] |y> = 4={(T)i(l)2-U)i(t)2}.
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This is identical to the state of the two spin 1/2 particles in Bohm's version of the EPR gedanken-experiment [4] . Thus, a spatially separated two atom system, for example prepared by photo-dissociation of this molecule, is in an "entangled" state suitable for testing Bell inequalities.
In spect to an exchange of the two nuclei in order to conform to the Pauli principle. An exchange of the two nuclei is equivalent to an inversion of the total wave function at the origin, followed by a rotation of the electronic wave function by 180° and a reflection of the electronic wave function in a plane containing the two nuclei [7] . It should be noted that the electronic wave function for a diatomic molecule is not altered by a 180° rotation since it only depends on the relative coordinates of the electrons with respect to the nuclei.
The overall symmetry of the wave function is given by the combination of the symmetries of the nuclear spin, vibrational, rotational, and electronic wave functions, respectively. First, the two spin 1/2 nuclei of 199 Hg 2 form either a nuclear spin singlet (anti-symmetric, total nuclear spin / = 0), or spin triplet (symmetric, I = 1). Second, the vibrational part is always symmetric, since it only depends on the relative nuclear coordinates. Third, the symmetry of the rotational wave function is ( -1) N , where N is the rotational quantum number; it is symmetric for even, and anti-symmetric for odd rotational quantum numbers. Fourth, the electronic wave function has the symmetry of the electronic state.
The electronic ground state of 199 Hg 2 is a state; g signifies it is symmetric with respect to an inversion of the electronic wave function at the origin and + signifies it is symmetric with respect to a reflection in a plane containing the two nuclei. Thus, since the electronic and vibrational wave functions are symmetric, the combination of rotational and nuclear spin states must be anti-symmetric in order to have an overall anti-symmetric wave function. Specifically, in the ground electronic state, nuclear spin singlet states are associated with even N, and triplet states with odd N, rotational levels [7] .
In contrast, the electronic excited state 3 Z" (l u ) is anti-symmetric with respect to an inversion of the electronic wave function at the origin. Hence the combination of rotational and nuclear spin states must be symmetric. Specifically, in this state, the nuclear spin singlet states are associated with the odd N levels, and the nuclear triplet states with the even N levels [7] . The fact that the electronic state is a triplet state with respect to the electron spin does not alter these symmetry considerations.
Now the selection rule for these molecular transitions is that the rotational quantum number N in the ground state can only differ from N in the excited state Due to the electronic triplet character of the upper state the rotational quantum number N is not identical with the total angular momentum quantum number J. The order of the levels for fixed N is arbitrary (after Herzberg [7] p. 276).
by + 1. Thus, since transitions between anti-symmetric and symmetric rotational levels are strongly forbidden, it is the change in the symmetry behavior between the rotational levels in the two electronic states (
x Z g + and 3 E*) that allows transitions between these electronic states of the 199 Hg 2 dimer (c.f. Figure 3 ).
In conclusion, only nuclear singlet states are dissociated by using transitions starting with even N. Specifically, due to the angular momentum selection rules, AN = ±1, for the excitation (266 nm) and stimulated emission (355 nm) transitions the final dissociating level of the X 1 £ g + ground state must also have even N and hence zero total nuclear spin. As it turns out, the P (10) transition is particularly favorable, both because the rotational state population has a peak at N = 10 and because it is well resolved [6] , It should be mentioned that for the electronic excited state the electronic state designation has been used, which, in principle, is only valid for an angular momentum coupling scheme of Hund's case (a) or (b). Since, however, Hg 2 is a van der Waals molecule, Hund's coupling case (c) with the notation l u would be more appropriate. However, the work by Hay et al. [8] and a review article by Morse [9] indicate that the D(l u ) mainly has a 3 I U + state character. Even if a mixing of the 3 Z * with the other possible admixture to a l u state (the 1 I1 II + state) is considered, the selection of a spin singlet state is still possible. Specifically, all rotational levels in a ^^ state show /1-doubling into a symmetric and anti-symmetric component. Since the selection rules only allow transitions between states of the same total symmetry, it is still possible to dissociate only molecules in a nuclear spin singlet state [7] .
Test of the BCH-Inequality
The two resulting mercury atoms are in ^o ground states. Due to the nuclear spin I = 1/2 of 199 Hg, each ground state atom has a total angular momentum F= 1/2 with components + 1/2. Consequently, we will be observing correlations between components of the spin of two spatially separated spin-1/2 particles. The nuclear spin component analysis is accomplished via electric dipole transitions [6] . The test of the BCH inequality requires the measurement of coincidence rates R + + (6 1 , d 2 ) for the simultaneous detection of an atom at detector 1 with M F = -h 1/2 in the direction and of an atom at detector 2 with M F = -(-1/2 in the direction d 2 as well as of the singles rates R i+ (6 t ), which are defined as the rate of detection of atoms with M f = + 1/2 in the direction d t at detector /, where i = 1 or 2. The BCH inequality is formulated in terms of the ratio of coincidence rates to singles rates for four different angles with respect to which the spin state has to be determined [4, 5] . In the present context, the BCH inequality can be expressed as
where a, a are two values of angles for the first detector and b, b' are two values of angles for the second detector. Real world analyzers, however, have an efficiency e M less than unity for one spin state and a leakage e m greater than zero for the other spin state. The influence of these imperfections on the measurement of coincidence rates will be discussed.
Instead of only measuring one well defined coincidence, these imperfections lead to a mixing of the four possible outcomes of the coincidence measurement. The measured rate R + + (6 l , d 2 ) is a combination of the ideal rates R' ++ (d 1 plicity the same imperfections e M , e m were assumed for both detectors.
As we showed previously [6] , the quantum mechanical predictions for the four possible outcomes of coincidence measurements with respect to two angles 9 l and 9 2 are R' ++ 
where rj is the detector efficiency of Hg atoms arriving at the corresponding detectors; the two detectors are symmetric and have identical geometries with an acceptance solid angle /; g is the conditional probability that if one of the atoms from a dissociated dimer enters the aperture of one detector, then the other atom from that dimer enters the aperture of the other detector.
With the help of (4) and (5), (3) can be rewritten in the form
where e + and e_ are defined as £+ = e M + e m and £_ -e m -e m , respectively. Similarly, by using the quantum mechanical predictions for a homogenous distribution of the spin states [6] ,
one finds for the singles count rate
These QM predictions, (6) and (8), can be used to calculate the maximum violation of the BCH inequality by quantum mechanics. The maximum is reached for a, b, a', b' equal to 135°, 0°, 225°, and 90°, respectively, S QM (135°, 0°, 225°, 90°) = j rjg + + ^2 ^j..
In the case of perfect analyzers, i.e. e + = e_ = 1, this result reduces to 5 QM (135°, 0°, 225°, 90°) rjg % 1.207r]g, as derived previously [6] . Clearly, in order to get the highest possible violation of the BCH inequality by quantum mechanics, the right hand side of (9) must be as large as possible.
The conditional probability g is determined by the size of the dissociation volume, the angular distribution of the dissociating dimer fragments, the size and position of the detectors as well as the spread in the velocities of the dissociating fragments. Monte-Carlo simulations show that for the parameters anticipated in our experiment a value of g = 0.976 is expected [6] ,
The second requirement for the test of the BCH inequality is the highest possible detection efficiency rj. The atomic level structure of Hg permits a two-photon resonant photo-ionization scheme [6] . Hg atom detection can thus be achieved via both the resulting ion and the photoelectron in an OR-detection scheme, which means that the Hg atom is detected if either the ion or the associated photoelectron is detected. Employing the OR-detection scheme, detector efficiencies larger than 95% are expected. Actually, overall Hg atom detection efficiencies >99% should be achievable.
Finally a very high discrimination of the analyzers between the two different nuclear spin states must be achieved. In fact by using the appropriate laser polarizations in the two-photon excitation/ionization scheme a near perfect discrimination is possible [6] . Simulations show that values of 99.5% for the transmission e M can be reached. In addition the rejection e m is extremely high (e m < 0.075%).
The quantum mechanical prediction S QM of (9) can now be evaluated by using the values g = 0.976, r] = 0.95, s + = 0.996, and e_ = 0.994: S qm (135°, 0°, 225°, 90°) = 1.112 .
Thus the BCH inequality is clearly violated. The parameters of our experiment provide a definitive test of the BCH inequality, that closes the detection loophole even considering non-perfect analyzers. The second remaining loophole, the enforcement of the locality condition, can also be closed employing electro-optic modulators [6] .
